Abstract: Phylogenetic relationships of the marine gasteromycete, Nia vibrissa, were investigated using four ribosomal DNA (rDNA) regions. Independent analyses of mitochondrial small-subunit (mt-ssu) rDNA, mitochondrial large subunit (mt-lsu) rDNA, nuclear small-subunit (nuc-ssu) rDNA, and nuclear large subunit (nuc-lsu) rDNA all suggest that Nia vibrissa is in the euagarics clade. The mt-lsu, nuc-ssu, and nuc-lsu datasets suggest that Nia vibrissa is closely related to the cyphelloid fungus, Henningsomyces candidus, but in all three datasets the monophyly of the Nia-Henningsomyces group is weakly supported. Analyses of mt-ssu rDNA suggest that the sister group of Nia vibrissa is Schizophyllum commune, but again the relationship is weakly supported. A combined analysis of all four rDNA regions strongly supports the sister group relationship of Nia vibrissa and Henningsomyces candidus. Schizophyllum commune and Fistulina hepatica form a strongly supported clade that is weakly supported as the sister group of the Nia-Henningsomyces clade. Schizophyllum commune and Fistulina hepatica both resemble cyphelloid fungi in some aspects of their hymenophore morphology, and it is plausible that they could be closely related to Henningsomyces candidus. Eighteen genera of terrestrial gasteromycetes were included in the analyses, but none are closely related to Nia vibrissa, which therefore represents an independent origin of the gasteroid habit in the homobasidiomycetes.
INTRODUCTION
Several lines of evidence suggest that fungi arose from flagellated, aquatic ancestors and, along with plants, were among the first eukaryotes to colonize the land (Pirozynski and Malloch 1975, Berbee and Taylor 1993) . Ascomycetes and basidiomycetes radiated extensively in terrestrial ecosystems and now comprise about 85% (60 000 species) of the known fungi (Hawksworth et al 1995) . A few groups of fungi have secondarily become aquatic, including four genera of marine basidiomycetes (Kohlmeyer and Kohlmeyer 1979, Hawksworth et al 1995). Marine fungi often display unique morphological adaptations to the aquatic environment, which makes it difficult to identify their closest relatives among the terrestrial fungi. A prime example is the taxonomically enigmatic marine gasteromycete, Nia vibrissa. Moore and Meyers (1959) described Nia vibrissa as a deuteromycete. However, Doguet (1967 Doguet ( , 1968 ) demonstrated that Nia vibrissa develops basidia and clamp connections, and Brooks (1975) showed that Nia vibrissa has dolipore septa. These characters indicate that Nia vibrissa is a homobasidiomycete, but do not reveal its exact taxonomic position.
Nia vibrissa generates minute ([0.5] 1-3 [5] mm) subglobose, gasteroid fruiting bodies, which are sessile or, rarely, stalked. The color ranges from pale cream to white-orange and orange-brown (Doguet 1967 , Kohlmeyer and Kohlmeyer 1979 , Barata et al 1997 . Basidiocarps grown in culture exhibit polymorphic peridial surfaces with or without peridial hairs (Schimpfhauser and Molitoris 1991). Slightly curved or bifurcate curled hairs project from the outer peridium in some collections, but are lacking in others. This considerable spectrum in habit of basidiocarps may indicate the presence of a multi-species complex (Jones and Jones 1993) . Within a gelatinous gleba, the statismosporic basidia produce 4-8 ovoid basidiospores that have 4 lateral appendages and one terminal appendage (Doguet 1967 ). Both peridial hairs and basidiospore appendages appear to play a role in dispersal and colonization. Kohlmeyer and Kohlmeyer (1979) suggested that the peridial hairs trap air, allowing the basidiocarps to float after being detached from the substrate. It has also been suggested that the appendages of the basidiospores anchor spores to substrates (Webster 1959, Leightley and Eaton 1979) or slow their sinking rate (Ingold 1975 , 1976 , Rosello6 et al 1993 . Whatever the precise function of the peridial hairs and basidiospore ap- In the present study, we performed independent and combined analyses of four different rDNA regions to address the phylogenetic position of Nia vibrissa.
MATERIALS AND METHODS
Nia vibrissa strain M200 was collected in Apr 1990 at the west coast of Turkey (leg. Breuer A., det. Rohrmann S.).
Cultures were grown on GPYS agar (2% agar, 0.01% glucose, 0.005% peptone, 0.001% yeast extract, 1L synthetic seawater; Molitoris and Schaumann 1986) at 23 C and 65% humidity in the dark. Strains were examined by light microscopy (Nikon YS2) in methylene blue. The culture and voucher specimen of Nia vibrissa (culture and herbarium accession number M200) used in this study are deposited in the herbarium of the University of Regensburg (REG).
Sequence data were generated from four rDNA regions: partial mitochondrial small subunit (mt-ssu) rDNA, bounded by primers MS1 and MS2, partial mitochondrial large subunit (mt-lsu) rDNA, bounded by primers ML5 and ML6, nearly complete nuclear small subunit (nuc-ssu) rDNA, bounded by primers PNS1 and NS8, and partial nuclear large subunit (nuc-lsu) rDNA, bounded by primers LROR and LR5. In addition, mt-lsu and nuc-lsu sequences were generated for Schizophyllum commune (isolate Scol, Germany, REG) and a mt-lsu sequence was generated for the cyphelloid wood-decay fungus, Henningsomyces candidus (isolate R.G. Step one involves 1000 heuristic searches with random taxon addition sequences, but keeping only two trees per replicate, and step two involves branch swapping on the shortest trees found in the first step. MAXTREES was set at 1000 in the second step. One-hundred bootstrap replicates were performed for each dataset, with one random taxon addition sequence each, TBR branch swapping, keeping up to ten trees per replicate, and MAXTREES set to 1000.
Combined analyses of all four rDNA regions were performed using 15 species of the euagarics clade, including those that could be closely related to Nia based on the independent analyses (FIGS. 1-5). Fistulina hepatica, which lacks a mt-lsu rDNA sequence, was the only species that was not represented by all four regions. The sequences and alignment used in the four-region analyses are derived from a study of higher-level relationships of homobasidiomycetes (Binder and Hibbett, unpubl). The new alignment has been deposited in TreeBASE (accession number S628). Based on the results of that study, the Hygrophoraceae (Humidicutis marginata and Hygrophorus sordidus) was used for rooting purposes. A parsimony analysis was performed using 1000 heuristic searches with TBR branch swapping and MAX-TREES set to autoincrease. Bootstrapped parsimony analysis used 1000 replicate searches, each with one heuristic search, random taxon addition sequence and TBR branch swapping, keeping up to ten trees per replicate, and MAXTREES set to 10 000. A maximum likelihood analysis was also performed, using the HKY85 model of sequence evolution with empirical base frequencies, transition-transversion bias set to two, and site-to-site rate heterogeneity modeled on a discrete gamma distribution with four rate classes and alpha = 0.5. The maximum likelihood analysis used the most parsimonious trees as starting trees for a heuristic search with TBR branch swapping. Bootstrapped maximum likelihood analysis used 100 replicates with one random taxon addition sequence per replicate and TBR branch swapping.
RESULTS
Culture and strain specification.-Nia vibrissa strain M200 grew as a white, sparse aerial mycelium 2 wk after inoculation. Fully developed basidiocarps were obtained 10 wk later. Usually, 18-27 white-orange fruiting bodies 1-3 mm in diameter were counted per plate. Basidiocarps were usually sessile, but were occasionally stalked. There was no indication of spore release and peridia remained closed over a two year storage at 4 C. Hyphae projecting from the outer peridial layer showed slightly curved tips that were not (FIG. 5) .
The four independent datasets that were analyzed include 18 genera of gasteromycetes (Alpova, Brauniellula, Calostoma, Chamonixia, Crucibulum, Cyathus, Gastroboletus, Gautieria, Geastrum, Hymenogas- Cyphelloid-gasteroid transformations have not (to our knowledge) been suggested previously, but it is easy to envision how they could occur. In Henningsomyces candidus and many other cyphelloid taxa there is a narrow constriction at the apex of the tube (FIG.  6A, B) , which would simply need to be closed to produce a gasteroid fruiting body that retains the basic structure of a cyphelloid fungus. Interestingly, there is a marine cyphelloid fungus, Halocyphina villosa, in which the hymenium is exposed in young fruiting bodies, but later becomes enclosed "by an elongation and interweaving of the hairs at the aperture of the basidiocarp" ( (FIG. 6A, B) . Although they have been nominally grouped in the family Cyphellaceae, they are widely regarded as a polyphyletic assemblage (Donk 1959 , 1964 , 1971 , Agerer 1986 , Singer 1986 been derived by reduction from agaricoid ancestors (Donk 1959 , 1964 , 1971 , Agerer 1978 , Singer 1986 ), although Cooke (1961) suggested that cyphelloid fungi, which he united in the Porotheleaceae, are derived from corticioid ancestors. Our finding that Henningsomyces candidus is nested in the euagarics clade supports the view that some cyphelloid forms could indeed be "reduced agarics". However, this is the only cyphelloid taxon that we examined.
Schizophyllum and Fistulina have unusual fruiting bodies and their phylogenetic relationships have been obscure. Both genera resemble cyphelloid forms in some aspects. In Schizophyllum, the fruiting body is pendent and the elements of the hymenophore curl toward each other, enclosing the hymenium during dry periods (Essig 1922 , Linder 1933 ). In tangential section, the adjacent pairs of hymenophore elements of Schizophyllum (Linder 1933 ) resemble individual fruiting bodies of Henningsomyces and other cyphelloid fungi, which also curl up when dry (Agerer 1986; FIG. 6C-E) . Donk (1964) suggested that the fruiting body of Schizophyllum is essentially cyphelloid and he included Henningsomyces in the Schizophyllaceae, along with Plicaturopsis, which has a pileate fruiting body with a wrinkled hymenophore, and Stromatoscypha, which forms cyphelloid fruiting bodies on a well developed, membranous subiculum. In addition, molecular and morphological studies (Stalpers 1988 , Nakasone 1996 suggest that Auriculariopsis ampla, which has a cupulate fruiting body with a smooth hymenophore, is closely related to Schizophyllum commune.
Fistulina produces large, fleshy fruiting bodies that superficially resemble those of polypores. However, the "pores" of Fistulina are actually composed of individual tubes of hyphae lined by a hymenium, which are initially formed on all surfaces of the fruiting body (Lohwag and Follner 1936; FIG. 6F) . Each tube on the surface of the Fistulina fruiting body thus resembles an individual cyphelloid fruiting body. Singer (1986, p 843) suggested that the fruiting body of Fistulina could have been formed by an aggregation of cyphelloid fruiting bodies and the expansion of a subiculum, and he termed the pileus and stipe-like parts of the fruiting body a "protocarpic false carpophore". Singer further suggested that Fistulina and its putative cyphelloid relatives might be closely related to the Tricholomataceae. Based on the anatomy of the hymenophore, Lohwag and Follner (1936) classified Fistulina in the Cyphellaceae, while Bondarzew and Singer (1941) and Cooke (1961) classified Fistulina in its own family, Fistulinaceae, in the suborder Cyphellineae. In contrast, Donk (1959 Donk ( , 1964 and Agerer (1978) rejected the idea that Fistulina is closely related to cyphelloid fungi, although they commented on the similarities between Fistulina and the cyphelloid Porotheleum and Stigmatolemma (FIG. 6G, H) .
Because of limited sampling and low bootstrap support it is not possible to draw firm conclusions about the composition or monophyly of the hypothesized Nia-Henningsomyces-Schizophyllum-Fistulina clade. Nevertheless, our results are consistent with the view that the unique fruiting bodies of Schizophyllum commune and Fistulina hepatica (and related taxa, like Auriculariopsis ampla) were ultimately derived from cyphelloid forms, which in turn were derived from agaricoid ancestors. Analyses with more taxa that may be in this group are needed. Such studies could elu- 
